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Abstract. According to their severity, mechanical trauma induce reversible/irreversible changes of nervous 
conduction due to the membrane pore formation at the injury site followed by the loss of nerve membrane 
integrity and function. The present study was aimed at assessing functional recovery of peripheral nerves 
subjected to in vitro injury by severe compression after local application of sonicated lipid emulsion (SLE). 
METHODS: Sciatic nerves isolated from Sprague Dawley rats (250-350g) were randomly assigned to 2 groups: 
Controls (n = 6) and SLE treated group (n = 6). Isolated sciatic nerves were incubated and electrically stimulated 
using Ag/AgCl electrodes (I=1mA) in double sucrose gap recording chamber. Both groups were subjected to 
severe injury by continuous compression with a glass rod vertically manipulated by an electrical 
micromanipulator. The compression was maintained 15 sec. after the cessation of electrical nerve response 
known as the compound action potential (CAP). In SLE treated group 2, the lipid emulsion was applied at the 
site of injury for 4 minutes. After inducing the severe lesion sciatic nerves in Controls were incubated in saline 
solution for a similar time interval. The evaluation of functional recovery was performed using 
electrophysiological recordings for 2 hours. RESULTS: In all injured nerves from the SLE group, 30-40 minutes 
following lipid application, an electrical response (CAP) was recorded. The CAP signal showed a trend for 
increasing its amplitude during the first hour post-injury, followed by a plateau which was maintained for the 
rest of the experiment.  For each nerve the pre-injury CAP amplitude was considered as a marker of nerve 
conduction. Functional recovery was expressed as percentage (%) by normalizing the final post-injury CAP 
amplitude to the pre-injury value.  At the end of the post-injury evaluation period in SLE treated group, CAP 
amplitude recovery ranged between 2-16% from the pre-injury value (100%). In Controls there was no recovery 
during the 2 h period of post–injury follow-up. CONCLUSION: In this in vitro model of severe peripheral nerve 
compression, application of a sonicated lipid emulsion allows the partial recovery of acutely injured sciatic 
nerves.  
    
INTRODUCTION 
 
Injury of peripheral nerves is associated with a partial to complete loss of volitional 
movement, some involuntary function and sensation, since nerve impulses are not conducted 
across the damaged region (Borgens et al., 1990, 1998, 2000, 2002, 2004). According to their 
severity, mechanical trauma induce reversible or irreversible changes of nervous conduction 
due to the membrane pores formation at the injury site followed by the loss of nerve 
membrane integrity and function. If the mechanical injury is severe enough, it leads to 
breaches in the axolemma that produce ionic imbalances (especially Ca2+). The earliest 
manifestation of such nerve damage at the cellular level is the permeabilization of the 
membrane where ions readily run down their concentration gradients and exchange, across the 
compromised barrier (Eddleman, 1997; Detrait, 2000; Donaldson, 2002). Additional delayed 
damage is believed to derive from a variety of interconnected secondary pathophysiological 
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mechanisms such as hypoxia, oedema, anoxia and inflammatory response (Fehlings et al. 
1995; Fishman 2003; Geddes, 2003; Luo et al., 2004). These pathological events lead to 
progressive destruction of the axonal membrane, modification of the intracellular homeostasis 
and finally, the disruption of axonal continuity (Shi 1996,1999, 2004; Peasley, 2003; Nehrt, 
2007). 
The present study was aimed at assessing functional recovery of peripheral nerves subjected 
to in vitro injury by severe compression after local application of sonicated lipid emulsion 
(SLE).  
 
MATERIAL AND METHODS 
 
All experiments were carried out in accordance with the procedures approved by 
Animal Care and Use Committee of the Timisoara University of Medicine and Pharmacy. 
Animals were allowed free access to food and water and maintained on a 12:12 h light-dark 
cycle. Adult Sprague Dawley rats (250-350 g) were anesthetized with ketamine (5 mg/kg) and 
xylazine (75 mg/kg) intraperitoneally. Sciatic nerves were isolated and randomly assigned to 2 
groups: Controls (n = 6) and SLE treated group (n = 6). The 5 cm long sciatic nerves fragments 
were isolated and placed in Krebs solution (mM): 124 NaCl, 2 KCl, 1,2 KH2PO4, 1,3 MgSO4, 1,2 
CaCl2, 10 dextrose, 26 NaHCO3, and 10 sodium ascorbate, equilibrated with 95% O2 and 5% 
CO2. The sciatic nerves fragments were maintained in continuously oxygenated Krebs solution 
for 1 h before placing them within the recording chamber continuously superfused with 1ml/min 
sucrose and 2ml/min Krebs solution. The double sucrose gap is the used technique in order to 
monitor the sciatic nerve behavior in in vitro conditions. The custom made recording chamber 
(Fig.1) was realized in our laboratory after a systhematic review of the literature (Shi 1996,1999, 
2004; Peasley, 2003; Nehrt, 2007).  
    
 
Figure 1. The double sucrose gap recording chamber and solution distribution 
 in the recording chamber compartments (120mM KCl, Krebs solution, 230mM Sucrose) 
 
During each experiment, compound action potentials (CAPs) were evoked at one end 
(left) using supramaximal electrical stimulation (Grass SD9K Square Pulse Stimulator, An 
Astro-Med Inc., USA, 1700 Channel differential amplifier, A-M Systems Inc., USA I = 1 
mA, unipolar pulses of 0.2 ms duration) using Ag/AgCl wire electrodes. The CAPs were 
recorded at the opposite end (right). Each sample was equilibrated for 45-60 min until the 
CAP was stable. After the equilibration, the sciatic nerves were incubated in Ca2+ - free Krebs 
solution (Ca2+ replace with equimolar Mg2+) for 10 minutes. Severe standardized compression 
was applied into the central compartment of the recording chamber using a glass rod 
vertically manipulated by an standard motorized control micromanipulator (BS4 60-0571, 
Harvard Aparatus,Inc., USA) with constant velocity (25 µm/sec) (fig. 2). The end of the rod 
provided a lesion surface of 2 mm along the length of the nerve fragment. During the 
compression period, the stimulation and recording of the CAPs continued. Experimental data 
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were recorded using Axon Digidata 1200 acquisition system and analyzed with Axon 
Axoscope 10 (Axon Instruments, USA). 
 
 
Fig 2. The setup for nerve injury 
 
The compression was maintained 15 sec after the cessation of electrical nerve 
response (CAP) (Mirica et. al 2007). Then the compression was rapidly removed. After 
compression in SLE treated group, the lipid emulsion was applied. The lipid emulsion (fig. 3) 
was obtained by 7 minutes of sonication (maximum power, 50% pulse) (UP50H Ultrasonic 
processor, Heischler Ultrasound Technology, Germany) of a cholesterol aqueous solution 
(Sigma, 0.003 g / 1,5 ml distilled water) and was applied at the site of injury for 4 minutes.  
 
 
Fig 3. Lipid emulsion (SEM image) 
 
All solutions used in lipid repair experiments were prepared on the day of their use. 
The evaluation of functional recovery was performed using electrophysiological recordings 
for 2 hours. After inducing the severe lesion, sciatic nerves in Controls were incubated in Ca2+ 
- free saline solution for a similar time interval.   
 
RESULTS AND DISCUSIONS 
 
 The double sucrose technique allows a precise and reproducible measurement of nerve 
conduction parameters. The experimental model is suitable to study the evolution of CAPs 
amplitude before (Fig. 4), during (Fig. 5) and post-injury (Fig. 6 a, b), both in Controls and SLE 
groups.  
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Figure 4.  CAP amplitude recording before the standardized severe compression. 
 
 The maximum amplitudes for CAPs used as markers for injured nerves recovery in both 
groups were determined from the recordings obtained before the application of the 
standardized severe compression and they are presented bellow (Table1). 
 
 
 
Figure 5. CAP amplitude evolution recording during the standardized severe compression. 
 
 
a)                                                                             b) 
 
Figure 6.  Typical curve of CAP amplitude evolution  2 h  after  the compression   
in: a) Control group and b) SLE group.  
 
In all injured nerves from the SLE group, 30-40 minutes following lipid application, 
an electrical response (CAP) was recorded. The CAP signal showed a trend for increasing its 
amplitude during the first hour post-injury, followed by a plateau which was maintained for 
the rest of the experiment (Fig 6b).  For each nerve the pre-injury CAP amplitude was 
considered as a marker of nerve conduction. Functional recovery was expressed as percentage 
(%) by normalizing the final post-injury CAP amplitude to the pre-injury value.  At the end of 
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the post-injury evaluation period in SLE treated group, CAP amplitude recovery ranged 
between 2-16% from the pre-injury value (100%) (Table 1). In Controls there was no 
recovery during the 2 h period of post–injury follow-up (Fig 6a, Table 1).  
 
Table 1. 
CAP amplitude recovery for SLE group vs. Control group. 
 
Nerve 
CAP amplitude before 
lesion (mV) 
CAP amplitude at 2h 
after lesion (mV) 
CAP amplitude recovery 
(percentage, %)  
No.1-6 from        
Control group From 14.877 to 43.282 0 0 
No 1 from SLE group 42.694 5.286 12.4 
No 2 from SLE group 45.975 1.122 2.4 
No 3 from SLE group 15.200 2.485 16.3 
No 4 from SLE group 29.844 2.550 8.5 
No 5 from SLE group 49.819 1.181 2.3 
No 6 from SLE group 20.453 2.349 11.5 
 
These results are consistent with data from reported by Lore et al. (1999). These 
authors applied a polyethylene glycol (PEG) - based solution (50% w/vol, 2000 Da PEG in 
distilled water) on injured earthworm nerve or mammalian (rat) sciatic nerve/spinal cord the 
conduction function of the nerve was restored to some extent (usually 5-15 %). 
 
CONCLUSIONS 
 
In conclusion, our results showed that severely injured nerves did not recover naturally 
and the CAP amplitude remained 0 mV throughout the experiment. However, SLE 
application for a standard 4 min duration after injury induced partial recovery, up to 16% 
from initial CAP amplitude of the nerve function.  Further studies aimed at elucidating the 
underlying mechanisms of protection associated with SLE application are warranted. 
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